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Hidden spin polarization (HSP) emerges in centrosymmetric crystals where visible spin splittings
in the real space can be observed because of the lack of inversion symmetry in each local sector.
Starting from tight-binding models, we introduce nonsymmorphic antiferroelectric (AFE) crystals as
a new class of functional materials that can exhibit strong local spin polarization. Such AFE crystals
can be basically classified as in-plane and out-of-plane AFE configurations, and can be reversibly
switched to the ferroelectric phase by an electric field to manifest global spin splittings, enabling
a nonvolatile electrical control of spin-dependent properties. Based on first-principle calculations,
we predict the realization of strong HSP in the AFE phase of a newly-discovered two-dimensional
materials, quintuple-layer (QL) LiBiO2. Furthermore, the spontaneous electric polarization (∼ 0.3
nC/m) and the transition barrier as well as the tunable spin polarization of QL-LiBiO2 are discussed.
Spin-orbit coupling (SOC) causes a momentum-
dependent splitting of electron states in noncentrosym-
metric nonmagnetic solids and gives rise to two con-
ventional types of spin texture: the Dresselhaus-type
due to bulk inversion asymmetry [1] and the Rashba-
type [2, 3] in two-dimensional (2D) heterostructures due
to structural inversion asymmetry. Such SOC was re-
cently discovered to be hidden in certain centrosym-
metric crystals [4, 5] in which noncentrosymmetric sec-
tors (or sublattices) connected by inversion experience a
noncentrosymmetric environment and have a local spin-
polarization that is hidden globally by its inversion-
partner with an opposite polarization. According to
the site symmetry of the noncentrosymmetric sublattices,
we can classify the hidden spin-polarization (HSP) into
Rashba type (R-2) or Dresselhaus type (D-2) depend-
ing on whether the site inversion asymmetry or the site
dipole field plays a crucial role in forming the hidden
spin texture. This discovery has triggered much atten-
tion on broader hidden physical effects, such as spin-
orbit torque [6], circular polarization [7], orbital polar-
ization [8], Berry curvature [9], unconventional supercon-
ductor [10, 11], and so on.
Most centrosymmetric crystals are constituted by
inversion-paired noncentrosymmetric sectors and thus
would expect to show HSP. However, the strength of the
local spin-polarization of a given sector could be seri-
ously suppressed by the interaction between sectors due
to the degeneracy of their electron states arising, respec-
tively, from inversion-paired sectors [4, 12]. Fortunately,
in previous work [13] we have demonstrated that there
exist certain symmetry operations, such as nonsymmor-
phic symmetry operation, could prevent electron states
from such inter-sector coupling to realize strong HSP in
centrosymmetric crystals containing those symmetry op-
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erations. Therefore, the quest of centrosymmetric ma-
terials for strong HSP is an interesting task. In addi-
tion, for exploration of HSP in functional device appli-
cations, developing routes towards the control of local
spin-polarization is highly desirable, especially by means
of external electric fields owing to its compatibility with
current semiconductor technology.
A promising direction to tackle this challenging task is
to utilize antiferroelectric (AFE) materials [14–18]. An-
tiferroelectricity is closely related to ferroelectricity; the
relation between antiferroelectricity and ferroelectricity
is analogous to the relation between antiferromagnetism
and ferromagnetism. Ferroelectricity results from rela-
tive shifts of negative and positive ions that induce an
array of electric dipoles all point in the same direction
and generate a net macroscopic spontaneous polariza-
tion, as a result of phase transition from the paraelectric
(PE) phase to the ferroelectric (FE) phase. This can be
contrasted with an antiferroelectric, in which adjacent
dipoles oriented in opposite (antiparallel) directions (the
dipoles of each orientation form interpenetrating sublat-
tices) and thus the total macroscopic spontaneous po-
larization is zero since the adjacent dipoles cancel each
other out. Given that the local electric dipoles with
opposite orientations are connected by inversion in cen-
trosymmetric AFE materials [19–22], one naturally won-
ders whether such local electric dipoles could serve as
site inversion-asymmetric potentials distributed in indi-
vidual sectors to render a strong HSP. Particularly, AFE
lattices with specific nonsymmorphic symmetry are pre-
ferred, owing to their advantage in protection of a strong
HSP by suppressing the interaction between different sec-
tors [13, 23].
In this Rapid Communication, we show that nonsym-
morphic AFE crystals can indeed achieve both the ob-
jectives mentioned above. Specifically, the AFE systems,
which possess an antipolar state and two opposite polar
states [18, 19], offer an easy tuning of their local spin-
polarization via an external electric field as enforcing a
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FIG. 1. (a) Schematic representation of tunable electric po-
larization (P ) by applying an external electric field (E) in an
AFE crystal. (b) Side view of the 2D nonsymmorphic rect-
angle lattice (PE phase). The shaded regions in blue and red
indicate a pair of sectors labeled α and β, respectively. The
dashed line indicates the unit cell. t1 (t2) is the nearest neigh-
bor hopping parameter along x (y) within the same sector,
while tint is the nearest neighbor hopping between different
sectors. The red arrows denote the intrinsic local dipole fields
on each atom. (c) Band structure for PE phase. (d) Projected
spin texture onto sector α (blue) and β (red) for PE phase.
Plots of polarization configuration for (e) OP-AFE and (f)
IP-AFE, where the blue arrows represent the P directions.
See Ref. [24] for used parameters in calculation.
transition from an AFE phase (with HSP) to a FE phase
(with visible spin-polarizations), as shown schematically
in Fig. 1(a). In the following, AFE-HSP denotes the AFE
materials in which the antipolar state exhibits strong
HSP. For layered AFE-HSP, we further find two differ-
ent configurations, regarding the orientation of the local
electric dipoles with respect to the layer plane: one is in-
plane (IP) direction and the other is out-of-plane (OP)
direction. One may expect distinct hidden spin patterns
for these two configurations.
We use simple 2D lattice models to illustrate the ef-
fect of switchable electric polarization on spin texture
by taking an example of nonmagnetic system for it has
the time-reversal symmetry T . We first examine the PE
phase in the absence of electric dipoles arising from rela-
tive shifts of negative and positive ions that occurs in the
AFE phase. However, in the PE phase, intrinsic dipole
fields emerge unavoidably, which will also lead to HSP.
Fig. 1(b) shows the side view of a nonsymmorphic 2D
lattice, where two identical atoms α and β in α- and β-
sectors connected by inversion are displaced inward- and
outward-facing (buckling), respectively, producing intrin-
sic local dipole fields (with opposite directions) perpen-
dicular to the layered plane, as illustrated by red arrows
in Fig. 1(b). Such lattice has a p4/nmm layer group
holding two screw axis operations {Cx| 120} and {Cy|0 12}.
Taking {|α〉, |β〉}⊗{↑, ↓} as the basis with an assumption
of single s-orbital in each atom contributing to the low-
energy spectrum (four bands including spin), the Hamil-
tonian in k space can be written as [23–25]
HPE =(t1coskx + t2cosky) + tintcoskx
2
cos
ky
2
τx
⊗ σ0 + λτz ⊗ (sinkxσy − sinkyσx),
(1)
where the Pauli matrices τ and σ are for the sector and
the spin degrees of freedom, respectively. The first term
HPE0 describes the hopping within each sector with hop-
ping parameter t1 (t2) for the nearest neighbor interac-
tions along x (y), and the second term HPEint for the inter-
action between inversion-paired sectors with tint for the
nearest neighbor hopping. Whereas, the third term HPEso
represents the SOC interaction resulting from the intrin-
sic local dipole fields due to the out-of-plane buckling of
α and β atoms [24]. It is straightforward to observe that
the inter-sector interaction vanishes HPEint = 0 at the BZ
boundary (kx=pi or ky=pi), leading to commutativity of
the Hamiltonian HPE with the sector measurement op-
erator τz ⊗ σ0. Such commutativity yields wavefunction
segregated on a single sector instead of spreading over
both inversion-paired sectors, which guarantees strong
HSP in centrosymmetric crystals. HPEso also suggests that
the HSP at the M point is R-2 but at the X and Y points
are D-2. Indeed, our calculation shown in Fig. 1(c-d)
indicates that the spin-polarizations from the α- and β-
sector have opposite directions, and exhibit a helical spin
texture around M point but a non-helical one around X
and Y points. Therefore, a strong R-2 accompanied by
D-2 is obtained for the PE phase, consistent with previ-
ous findings [13, 23].
In actual materials, except α and β atoms, each sector
can contain other negative and positive ions whose rel-
ative shifts generate an additional local dipole field felt
oppositely by α and β atoms and cause a phase transition
from PE to AFE. We then turn to the AFE phase con-
taining such distortion-induced additional local electric
dipoles. When distortion-induced local dipoles P⊥ point-
ing out the plane as shown in Fig. 1(e), we obtain the
OP-AFE configuration, in which all the symmetry oper-
ations of the PE phase are preserved. As a result, relative
to PE Hamiltonian, only the effective SOC term need to
be altered byHOP-AFEso =(λ+λ1)τz⊗(sinkxσy−sinkyσx),
where λ1 refers to the coupling strength stemming from
the distortion-induced dipoles and hence is proportional
to P⊥. HOP-AFEso is so similar to HPEso that OP-AFE pre-
serves strong HSP as in the PE phase. Furthermore,
upon application of an external electric field antiparallel
3to P⊥, we can reverse the direction of the distortion-
induced electric dipole in the β-sector from z to −z and
thus cause an AFE-to-FE phase transition along with
the breaking of the global inversion symmetry. Thus, an
on-site energy E0τz ⊗ σ0 should be added to the Hamil-
tonian and the corresponding SOC term for the OP-FE
now reads HOP-FEso =(λτz + λ1τ0)⊗ (sinkxσy − sinkyσx).
Fig. 2(a-b) show the band structure and corresponding
spin-polarization for OP-FE. We see that the two-fold
degeneracy of each band is now lifted and a conventional
Rashba spin texture is emergent, manifesting a reversible
and nonvolatile manipulation of local spin-polarizations.
When distortion-induced local dipoles P‖ parallel the
layer plane, say along the ±x-direction [see Fig. 1(f)],
we obtain the IP-AFE configuration. The symmetry of
the lattice is lowered and preserves only one nonsymmor-
phic operation, i.e., {Cy|0 12}. The hopping between sec-
tors becomes anisotropic, which yields the inter-sector
interaction Hamiltonian HIP-AFEint =cosky2 [(tint1ei
kx
2 +
tint2e
−i kx2 )(τx + iτy)⊗ σ0+h.c.] [24]. Besides the intrin-
sic out-of-plane local dipoles, the presence of P‖ results
in an additional SOC term HIP-AFEso =−λ2sinkyτz ⊗ σz.
Therefore, the total Hamiltonian for IP-AFE becomes
HIP-AFE = HPE0 +HIP-AFEint +HPEso +HIP-APEso . (2)
Due to the vanishing of the inter-sector interaction as
a result of the preserved {Cy|0 12} combined with time-
reversal symmetry T [13, 27], IP-AFE configuration pos-
sesses a strong HSP along the Y-M k-line. Fig. 2(c) ex-
hibits the sector-decomposed spin-polarization as a func-
tion of lg(λ2/λ), which also reflects the ratio between P‖
and the intrinsic local dipole. In the limit of P‖ = 0,
IP-AFE configuration is equal to a PE phase with in-
plane spin orientations as discussed above. As increasing
P‖, the sector-dependent spin has a tendency to orient
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FIG. 2. (a) Band structure for OP-FE. Inset is the corre-
sponding plot of polarization configuration. (b) The spin pat-
tern of CB1 for OP-FE. (c) Projected spin-polarizations as a
function of lg(λ2/λ) for IP-AFE.
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FIG. 3. (a) Crystal structure of PE QL-LiBiO2. The two
shaded real-space sectors indicate the inversion partners that
are used for spin projection. Side views of the (b) AFE and
(c) FE phases of QL-LiBiO2. AFE Phase can be considered
as distorted from PE with opposite distortions for O atoms in
different BiO layers, while FE Phase is the case with identical
distortions. (d) Energy profile of the polarization reversal of
FE phase, during which an intermediate state, AFE phase,
arises.
towards the z- or −z-direction. Interestingly, it finally
reaches a Zeeman-like hidden spin pattern, an unrecog-
nized effect, when the distortion-induced P‖ is so large
that intrinsic local dipoles are negligible. Based on a
simple tight-binding model, we have uncovered all inter-
esting spin-polarization properties for AFE crystals.
We now turn to examine the AFE-HSP in an actual
material—the 2D quintuple (QL) LiBiO2 in which the
Bi atoms share the same lattice as our model. Bulk
phase of LiBiO2 crystallizes in a layered orthorhombic
structure with space group No.72 (Ibam) [28]. Fig. 3(a)
shows the crystal structure of quintuple monolayer from
a bulk LiBiO2, which is composed of five atomic layers
stacking in the sequence of BiO-O-Li-O-BiO. Without
lattice distortion, this QL-LiBiO2 is in a PE phase. From
the phonon spectrum of QL-LiBiO2, we observe two pro-
nounced soft optical modes at the Γ point [24], respon-
sible for out-of-phase movements of O atoms in two BiO
layers against each other along the x-direction [24]. One
mode is for the distortions towards a centrosymmetric
structure (i.e., AFE phase) and the other is towards a
noncentrosymmetric structure (i.e., FE phase) as shown
in Fig. 3(b-c). We validate that both AFE and FE phases
are dynamically stable since no imaginary frequency is
presented in their calculated phonon dispersions [24]. Be-
4TABLE I. The basic properties of QL-LiBiO2 are listed. a
and b are the lattice constants, Etotal is the total energy with
respect to the FE phase, and Egap are the indirect band gaps.
phase a(A˚) b(A˚) Etotal(meV) Egap(eV)
PE 4.736 5.349 27.45 2.167
AFE 4.901 5.279 0.39 2.324
FE 4.901 5.279 0 2.318
cause the relative shifts of O atoms occur within the plane
of BiO layer, the distortion-induced local dipoles in both
AFE and FE phases are in IP configurations. According
to the calculated total energy listed in Table I, we find
that the QL-LiBiO2 is stabilized in the FE phase with a
total energy slightly lower than that of AFE phase (∼0.4
meV/u.c.). Therefore, the AFE and FE phases are nearly
degenerate.
By using the Berry phase method [29, 30], we indeed
find the ferroelectricity in QL-LiBiO2 with an IP po-
larization of 0.301 nC/m, comparable to that of ultra-
thin SnTe (∼0.194 nC/m) [31, 32] and In2Se3 (∼0.259
nC/m) [33, 34]. We obtain that the kinetics pathway of
switching polarization undergoes an intermediate state
(,i.e., the AFE phase), as shown in Fig. 3(d). Therefore,
the switching of polarization is achievable through the
reverse of the electric polarization in each sector in tan-
dem. The energy barrier is approximately 69 meV, which
is much larger than that for SnTe (∼9.0 meV) [35] and
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is the first BZ. (b) Spin-polarizations are illustrated for the
lowest eight conduction band states indicated by the dashed
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tribution plotted for states A and B. (d) Corresponding 2D
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is close to the value for In2Se3 (∼66 meV) [33], implying
robust ferroelectricity in QL-LiBiO2. Moreover, ab-initio
molecular dynamics simulation shows that the sponta-
neous polarizations are sustained above 300 K [24], in-
dicating QL-LiBiO2 having room-temperature ferroelec-
tricity.
To inspect the local spin-polarization in QL-LiBiO2,
we investigate the PE phase where the distortion-induced
dipoles vanish but still owning the intrinsic local dipoles.
These intrinsic local dipoles are perpendicular to the lay-
ered plane. The PE phase has nonsymmorphic structure
with a space group of Pbcm, including an inversion cen-
ter and a screw axis operation C˜y = {Cy| 12 12}. These two
symmetry operations are critical for strong HSP. Fig. 4(a)
shows the band structure of the PE phase, exhibiting an
indirect band gap around 2.17 eV, which is in good agree-
ment with the experimental result (2.04 eV) of ultra-thin
LiBiO2 nanosheets [36]. We find that all energy bands
are doubly degenerate as expected for centrosymmet-
ric materials. The lowest eight conduction bands (CB)
marked by the dashed box are mainly from the two out-
ermost BiO layers, which experience oppositely intrinsic
local dipoles. Fig. 4(b) exhibits the calculated sector-
decomposed local spin-polarization in the vicinity of the
M point. It clearly shows that the degenerate band states
projected onto α- or β-sectors have opposite spin polar-
izations, demonstrating the existence of HSP. Further-
more, the 2D spin pattern of CB1 in Fig. 4(d) displays
a D-2 spin texture. Particularly, due to the joint opera-
tion C˜yT , the relevant spin wavefunctions along the Y-M
path should be segregated spatially on just one of the
two separate sectors [13, 27]. By analyzing the spatial
distribution of the CBM states A and B [see Fig. 4(c)],
5we indeed confirm that the state A (B) has wavefunction
confined in sector α (β), demonstrating the characteristic
feature of strong HSP.
Next, we study the distorted structures of QL-LiBiO2
where the paired IP spontaneous polarizations offer ad-
ditional horizontal dipole fields for the BiO atomic lay-
ers in different sectors. For the AFE phase, the electric
polarizations are opposite, and hence the inversion and
screw axis operation C˜y are maintained. Consequently,
the bands in Fig. 5(a) are still two-fold degenerate, and
the states on Y-M have their wavefunctions also segre-
gated on a definite sector [see Fig. 5(c)]. Compared with
the PE phase, the difference lies in that the z-component
of spin vector induced by the additional dipole fields be-
comes dominant over its IP-component when it moves
away from the M point. However, for the FE phase
where the paired electric polarizations share the same
orientations, the band degeneracy is lifted because of the
inversion symmetry breaking. Then we have two splitted
states A
′′
and B
′′
[see Fig. 5(b)]. And the global spin-
polarizations without any compensation for CB1 are ob-
tained. Furthermore, it is shown in Fig. 5(d) that the
resulting wavefunction distribution of states A
′′
(B
′′
) is
essentially delocalized over both sectors.
In conclusion, we have theoretically investigated the
HSP in AFE systems. We present nonsymmorphic tight-
binding models for realizing strong HSP in different
AFE configurations, where the local spin-polarizations
are tunable via polarization switching. Interestingly, we
discover a novel Zeeman-like HSP. Moreover, we identify
QL-LiBiO2 as a realistic example to host strong AFE-
HSP. We also demonstrate the intrinsic ferroelectricity
and antiferroelectricity in QL-LiBiO2. Our findings thus
open new perspectives for the HSP research and offer
a concrete material platform to explore the intriguing
physics of AFE-HSP.
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